For the extraction, rowanberries (collected in 2017 and 2018) and aqueous solutions of various concentrations of ethanol (50%, 60%, 70%, 80% and 96%) in a ratio of 1:10 were used. Different types of extraction methods (extraction under static conditions, Soxhlet extraction and ultrasound assisted extraction) were tested. Using different types of extraction methods, it was found that irrespective of the method chosen when the concentration of ethanol increases, the concentration of total flavonoids also increases. Using collected rowanberries in 2017, the highest and similar numerical value of the concentration of total flavonoids was reached when an ultrasound bath was used 20 min for extraction (0.512%) using a magnetic stirrer for 90 min (0.498%). In both cases, a 96% aqueous ethanol solution was used. The highest total concentration of flavonoids in the extracts of rowanberries collected in 2018, obtained under static extraction conditions, using a 96% aqueous ethanol solution, was 0.525%, in 2017 it was 0.418%.
INTRODUCTION
Rowan (Sorbus aucuparia L.) is a tree or a bush, usually planted as an ornamental tree, although it has medicinal characteristics. According to Olivier Raspé et al., flowers, fruits, leaves and bark can be used as medicinal plant materials. Usually, people harvest ripe fruits, which are drying out (as it is recommended, hanging in a well-ventilated room at about 60°C temperature), and then use them for therapeutic purposes as a source of vitamins or to prevent colds [1] [2] [3] .
In medicinal plant encyclopaedias and scientific articles, authors state that rowanberries contain flavonoids, carotenoids, carbohydrates, organic acids (succinic, malic and citric), vitamins (C, E, K, P), leaven, essential oils and minerals (Zn, Fe, Mg and Mn compounds). The concentration of various active substances in fresh rowanberries were indicated: up to 65.0 mg/100 ml of carotenoids; 44.5-72.5 mg/100 ml of vitamin C; 1.5-2.4 mg/100 ml of iodine; 0.6-1.6 mg/100 ml of vitamin E; 4.0-7.0% of saccharides; up to 3.0% of sorbic acid and sorbitol; 0.13-2.1% of flavonoids; 1.9-2.6% of other organic acids; and up to 0.45% of yeast; essential oils; phospholipids; minerals [1] [2] [3] .
According to Raspé et al., rowanberry pulp contains many minerals (10.2% ash, 15.8 mg/g potassium, 17.7% sugars). The seeds are rich in crude proteins (25.5%) and crude fat (16.5%), phosphorus (5.7 mg/g) and calcium (2.9 mg/g) [3] .
In Lithuania folk medicine rowan is used to treat cardiovascular diseases, for the treatment and prophylaxis of atherosclerosis, to stop bleeding, to reduce arterial blood pressure or as a source of vitamins. For prevention, the fruits are used against avitaminosis, they also improve appetite, promote urine output. Rowanberries are used to treat constipation, chronic diarrhea, and various liver and gall bladder diseases. Decoction or jam of dried fruit can be used to treat hemorrhoid and diarrhea. Fresh fruit juice is useful to drink when the acidity of the gastric juice is reduced. Cordials, which are made from flowers or leaves, promote urinary excretion, and cordials are recommended when complaining of painful menstruation, constipation, and for treatment of some kidney disease. In the case of periodontal disease in folk medicine, it is recommended to chew the berries and then spit them out. Flavonoids have antiinflammatory, anti-allergic, antiviral, anti-cancer, antioxidant and antimicrobial effects [1, 2, 4, 5] .
To extract the active ingredients of rowanberries various extraction methods can be used. The most popular of these are maceration, infusion, decoction, tincture, hot continuous extraction (Soxhlet extractor), aqueous-alcoholic extraction by fermentation, percolation, counter-current extraction. More modern and fast-growing extraction methods include ultrasound extraction (sonication), microwave assisted extraction and supercritical fluid extraction. These advanced extraction methods have become popular as they have significantly reduced the duration of extraction. To use ultrasound for extraction is very useful when active substances are sensitive to high temperatures. The biggest advantage of using ultrasound is the possibility to choose and control the temperature mode when the solutions can be heated at 30-100°C or in order to avoid thermal damage of extracts [6, 7] no heating function might be used.
EXPERIMENTAL
Concentrations of carotenoids and flavonoids were determined by analysing the migration of the active substances from berries to extracts. The results of the total carotenoid concentration in extracts are presented in the report of the Project by Lithuanian Science Council (LMT) [8] .
The following materials were used to determine total flavonoid concentrations: ethanol (96% AB 'Stumbras'), acetic acid (99% analytically pure, Reachim, Slovakia), aluminum (III) chloride hexahydrate (pure for analysis, 99.9% purity, Reachim), rutin trihydrate (97% purity, ThermoFisher, Germany), hexamethylenetetramine (purity ≥ 99.5%, Sigma-Aldrich, South Korea).
Rowanberries were harvested after the first frost at the end of October in 2017 and in 2018. Berries were harvested in Kačerginė (Kaunas District) from the same branch of the same tree as the concen tration of active ingredients in the berries would not be affected by external factors (sun, moisture, soil, air pollution, etc.) and would be possible to compare the results of different years. The collected berries were divided into two parts: one part was dried (at 60°C until the moisture content of the berries was constant and reached 8.4%) and the other part was frozen (at -18°C).
For the extraction, rowanberries and aqueous solutions of various concentrations of ethanol (50%, 60%, 70%, 80% and 96%) were used in a ratio of 1:10. The rowanberries were dried in a convection oven at 60°C temperature until the moisture content of the berries was constant and reached 8.4%.
The following methods were used for extractions:
1. The dried minced rowanberries were poured out with various concentrations (50%, 60%, 70%, 80% and 96%) of aqueous ethanol solutions (AES). Extracts were kept under static conditions for 35 days at 22 ± 1°C, and analysed every 1-3 days.
2. Extracts were produced using magnetic and propeller stirrers (the same stirring speed is maintained) changing the stirring time (for 30 min, 60 min and 90 min).
3. Extracts were produced using a Soxhlet extractor (made of 3.3 borosilicate glass of upper grade). The complete apparatus includes a Dimroth condenser (DROG-100-001), an extractor (EXBG-100-001) and a flat bottom flask (BFFG-250-001), a manufacturer in Spain. No less than 10 cycles. 4. Extraction in an ultrasound bath (VGT-2300B, 40 kHz, made in China), the duration of which was 10 min, 20 min and 30 min.
The extracts obtained by all these methods, were analysed by a UV-VIS spectrophotometer (T70+, an accuracy of absorption ±0.004 Abs, made in Great Britain). Absorption rates for the rowanberries extract and the absorption rates of the rutin trihydrate solution were measured using 10 mm thick quartz glass cuvettes at 407 nm in UV-VIS light. After the determination of the absorbance values of the test solutions of rowanberries and the absorption rate of the rutin trihydrate solution, the total flavonoid concentration (TFC) was calculated using the formula:
Here m R is the mass of a rutin standard used to prepare the standard rutin solution, g; V MPM is the volume of ethanolic extract of the medicinal plant materials, ml; D MPM is the absorption rate of ethanolic extract (test solutions) of medicinal plant materials; m MPM is the dry mass of medicinal plant materials (berries) used to prepare the extract, g; D R is the absorbance of the standard rutin solution [9] . Electronic weighing scales were used for weighing (KERN PJL 360-3NM, 0.001 g accuracy, made in Germany). The moisture content of berries was determined by an electronic moisture analyser (KERN MLS, 0.001 g accuracy, made in Germany). Each sample of rowanberry extracts was analysed 3 times, then the arithmetic mean of the results was obtained and presented in the experiment as the final result of the analysis. To evaluate the reliability of the experimental results, a statistical evaluation of the experimental data was performed by calculating the sample dispersion (S 2 x ) and the standard deviation (S x ) [10] .
RESULTS AND DISCUSSION
A spectrophotometric method was chosen to determine total flavonoid concentration because it is fast, reliable and does not require a large amount of reagents. Using the UV-VIS spectrophotom-eter, the dependence of the total concentration of flavonoids on the extraction method was analysed: the way the berries were processed was changed (dried and frozen, also minced and not minced), as ethanol (50%, 60%, 70%, 80% and 96%) was used as a solvent, and the temperature was maintained constant. Extracts were produced using dried berries, which were harvested in 2018, and pouring them with 70% ( Fig. 1a ) and 96% (Fig. 1b ) aqueous ethanol solutions (AES).
Using 70% AES and dried minced and not minced berries for extraction, the obtained results showed that a higher total concentration of flavonoids was reached using minced berries (on 8th day 0.374% TFC) than using not minced berries (on 8th day 0.311% TFC). The results show that using minced and not minced berries for extraction the highest TFC is reached at the same time -on the 8th day. When the maximum concentration is reached, then TFC starts to decrease until on the 35th day the value is a little bit higher than on the 1st day of extraction. The decrease in the total concentration of flavonoids can be explained by the fact that when berries stay in an extract longer, ethanol breaks molecular bonds and/ or combines the flavonoid molecules to form new compounds whose absorption maximum moves to one or another part of the spectrum. Therefore, at a wavelength of 407 nm, a lower absorption rate is recorded.
Dried minced and not minced berries poured with 96% ethanol, the TFC tendency of change remains the same as when 70% AES was used, Fig. 1 . TFC dependence on the process duration by using dried minced and not minced rowanberries poured out with various AES:
however, the duration of receiving the maximum TFC time varies (Fig. 1b ). In the extract from dried minced berries and 96% ethanol, the highest TFC was reached on the 9th day (0.525%), and in the extract from not minced berries on the 11th day (0.500%). The evaluation of the results obtained by extraction of dried berries with 70% and 96% AES show that only 96% AES was used to produce extracts from frozen berries (Fig. 2 ).
The graph above shows that the total concentration of flavonoids in the extract is higher when the berries are minced. The maximum TFC was reached on the 11th day of extraction when berries were minced (0.235%) and on the 17th day when they were not minced (0.181%).
It can be concluded that in these cases the extracts containing minced berries have a higher TFC than not minced berries. The results can be explained: during the shredding of the berries, the surface area of the interaction is increased, which directly depends on the speed of the extraction process. In addition, the results are obtained with a better use of dried berries as the moisture content (76.2%) of the frozen berries is 9 times higher than in the dried berries, therefore, the effect on alcohol is lower, despite the fact that the ratio of berries and solution is equal = 1: 10.
In this work, most of the experiment was performed with similarly prepared dried minced berries harvested in 2017 by maintaining the same conditions for obtaining and analysing the extracts. In order to further determine the influence of the concentration of aqueous ethanol solutions on TFC, the concentration of AES has been ex-panded and 50-96% concentration solutions have been used as extraction solvents (Fig. 3 ).
The graph above (Fig. 3) shows the data that when the ethanol concentration increases, the concentration of flavonoids increases too. These results partly confirm the results obtained by Charpe [11] , however, contradict V. Kothari et al. [7] , who claimed that extraction of medicinal plant materials should be done using 70% aqueous ethanol solutions. In this experiment, the highest value of the total concentration of flavonoids was reached by using 96% ethanol (0.418%), and the lowest by using 50% AES (0.062%). In all cases, the highest total concentration of flavonoids in the extract was reached on the 9-11th days of extraction, and then TFC gradually decreased.
Having compared the Fig. 1b and Fig. 3d graphics, it is seen that in the extract produced with the berries collected in 2018, which were dried minced and poured with 96% ethanol, the maximum obtained TFC value is greater than in the extract of the berries collected in 2017 and similarly prepared by maintaining the same conditions. However, as can be expected, it becomes clear that though the berries are picked from the same branch of the same tree, the annual climatic conditions affected the concentration of the active ingredients in the berries. Therefore, it cannot be said that the TFC are constant and that the results obtained must be repeated for several consecutive years.
In order to shorten the extraction time, it was decided to produce the extracts by stirring. In the absence of data which stirrer is more effective (magnetic or propeller when the same stirring speed is maintained), both stirrers were tested and the obtained results were compared (Table) . Extracts were made from dried minced berries (collected in 2017) and different concentrations of aqueous ethanol solutions.
Initially, a duration of 30 min was chosen for stirring the extracts. The results confirmed the earlier conclusion that when the ethanol concentration increases, TFC increases too. It has also been observed that the total concentration of flavonoids by stirring with a magnetic stirrer in all cases is higher than that by stirring with a propeller stirrer. To find out if the TFC will increase with increasing stirring time, it is decided to stir the extracts for 60 min. From the data provided, it can be seen that with the longer stirring time (from 30 min to 60 min) TFC almost doubled. It has also been found again that better results are obtained by mixing with a magnetic stirrer than with a propeller one and using higher concentrations of aqueous ethanol solutions.
Extending the stirring time to 90 minutes a significant increase in the total flavonoid concentration has not been noticed compared to the stirring of extracts for 60 min. Therefore, it was considered that more extension of the stirring time is inexpedient.
The data in the Table show that in all cases the highest TFC (0.304-0.498%) was obtained using 96% ethanol and extracts were stirred with a magnetic stirrer, the lowest value (0.040-0.074%) was obtained using 50% aqueous ethanol solution and a propeller stirrer for stirring.
Since in the literature sources [6, 7] one of the most popular extraction methods is hot continuous extraction (Soxhlet extraction), therefore, this method was also used in this work (Fig. 4) . Extracts were produced from dried minced * -X is the average concentration of flavonoids, %; ** S x 2 is the variance; *** S x is the standard deviation. Using the Soxhlet extractor, the extraction time is determined by the number of cycles, in this experiment it was 12. Having analysed the results obtained by using the Soxhlet extractor, a di-rect dependence between ethanol concentration and total flavonoid concentration was noticed. The highest concentration was reached by using 96% ethanol (0.184%), the lowest by using 50% AES (0.049%).
As the TFC was not very large in these experiments, a more modern method of extraction -the ultrasonic bath -has been tested. In the extracts of berries collected in 2017 the influence of AES and extraction time on the total concentration of flavonoids was analysed and the obtained results are presented in Fig. 5 .
An analogous trend was noticed as by using other methods. When ethanol concentrations increase, the total concentration of flavonoids also increases. However, in this case, the maximum TFC is reached when the extraction time is 20 min and then begins to decrease. Using ultrasound for extraction, the water in the bath was not additionally heated. During the sonication, the temperature of the water (in the bath) and the extract (produced with 96% ethanol) was measured to assess the changes in temperature and its impact on the results. Before the sonication, the temperature of the water and the extract was 24 ± 1°C, after 10 min of ultrasound extraction the temperature of the water was 21 ± 1°C and the temperature of the extract 33 ± 1°C. Respectively, after 20 and 30 min the water temperature was 30 ± 1°C, and the temperature of the extract was 35 ± 1°C and 38 ± 1°C. These data confirm the classical thermal theory of molecular motion. From the graph above ( Fig. 5 ) the data show that the highest total concentration of flavonoids (0.512%) was reached by using 96% ethanol and the duration of extraction was 20 min.
Having summarised the results, it can be stated that the most appropriate method to produce extracts of rowanberries is by using an ultrasonic bath as the highest concentration of flavonoids (0.512%) was reached in the shortest time (20 min). Due to the high content of these berries, the relatively simple method of extraction and the anti-inflammatory, antioxidant and antimicrobial flavonoids' effect [1, 2, 4, 5] such extracts of rowanberries can be used to produce tonics, antibacterial bandages and tinctures.
CONCLUSIONS
1. Regardless of the method used for extraction (extraction under static conditions, extraction by stirring, Soxhlet extraction and sonication), when ethanol concentration increases, the total concentration of flavonoids also increases.
2. In the extracts produced with rowanberries (collected in 2017) the highest and the similar numerical value of the concentration of total flavonoids was achieved in two cases: after 20 min of extraction in an ultrasound bath (0.512%) and stirring the extract for 90 min with a magnetic stirrer (0.498%). In both cases, 96% ethanol was used.
3. The highest total concentration of flavonoids produced in the extracts under static conditions using 96% AES and berries collected in 2018 was 0.525%, in 2017 it was 0.418%. 
